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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electrostatic 
protection circuit for a semiconductor integrated circuit which 
can have both high discharging capacity and a low trigger 
voltage. 

SOLUTION: When an electrostatic surge with a positive 
polarity based upon a ground terminal GND is applied to an 
input/output pad I/O, a breakdown current Itrig of an n channel 
MOS transistor NMOS flows from the input/output pad I/O 
through a p+ diffusion layer PDl and a forward diode of an n- 
well NWL Consequently, a thyristor comprising a pH- 
diffusion PDl as the anode of the diode, the n-well NWl, a p 
well PWl, and an n+ diffusion layer ND2 as the source of a 
transistor NMOS operates, to discharge the electrostatic surge 
to the ground terminal GND. 
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mm^ n mi m^<D^m»&mi. . cco^t^ 

X ji-tcj^^s tifc^ 1 cDHf 1 m-'mmMmmmi'm i © 

¥^i*««tc ffj^ § n/ci^ 2 ©n 2 ^mMK;t!(Ji t > 2 

^ iMSS^j^ns H y an^-t^mij. mrts* 1 1 
mmmmm\t''^ v f issssn. Btria f y 1 

2 2 mmmM^m\%mms.^=f-^ctm s nr t<> s 

C i *!J#® i r S*^«^SIlI8S©PmfiSaililli8. 

[ If 2 ] 151 e h y « , mt^^m^mm^ y& 
n/cn 3 ©^2 mnmmmmims,m 2 ©112 ^ 

X -c* , mifaii 3 ©n 2 ^mM*AtJcJi«H>rtaii 1 © 
n 2 J»mMKtj(JifcMiaie^*:A- n-c t ^ -s c 

t^^tthn^m 1 «:fBig©*«f*««@i8©»« 

Clt*:S3] B«te^2©02S^J£t5jB». wiiaig 
2 ^SM-t; i ilSiaH 3 ©H 2 ^SMJ£tfeJl©r^(ci2 

g$ nrc^ ^> c i -r SWS?S 2 {ciat8©¥^t* 

SSIi]SS©^mffiSliI8So 

;utti1<of5rfB¥^a«K: j^fiS 3 ti/cH 3 SO'll 4 ©l^ 

2^msS;tS[ll^ FU-f >3fc!>'V-::^i-r-2)MOS h7 

^^V'T.^-^Si'o. Buia^3©|g2^mMffitJ[ji«B«iaie 
iii*:n-L-ctiram 1 ©»2 ^^sffitfesccSi^^ n> fr 
tan 4 ©0 2 ^^stJcJi«s*ji«ES-f-{c^iK 5 nr 
c»^£:i*!KFm<!:r^iS*^nctBtS©#^»mfillsS 
©^m^SilKo 

[Ii3?ii5] mriBMOS F^>>^x^*5, B5faij£^^ 
S««c*jWSSufal^ 3 SO*m4 ©02 ^imMJ£g5tB©Pa 
©M^fcJl^fiSSnfciffiiSISi. c©iffii»^±«:Ji5fiS3 
n/c y- F Sffig i . B5i2l& 3 ©m 2 #«Mffit$t)l i BU 

iay-Fmffi®<!:©ra«cs^i^3n/cg«^^<t. Buiey 

- F iMSal^ 4 ©H 2 ^«S?ffil5tB i ©ratc^iK 

§ais©¥^^ffifiss©»m^siii%. 

Cit^6] friBMOS F7>y;^f*i. B«ta¥^(* 

ssfctew hmt^ 3 s:o'ig4 ©02 i§msffitJ)i©p^ 

©^liUhfCJfJgtSnfcSifelSMi. C©i^ie±(Cff$)dcS 

n/cy- F ms® i . S5ia0 3 ©02 #«ii!d;U(Ji(cgf 

gS^n/cgifilK^^i. B5tB04©02*«l!J£t5tBCC« 
igS 3 n/cJgtaS^ i , M BSa^-I^K: *} W 15820 3 © 

02 ^mMSttiJlicS^g^ tir t,^j^ft>fflij<h mrtaJStnJg^ 
{C*j WSMiB0 4 ©0 2 S^I£tSt«{c«iK g nTt,» 
(-^^^©^©gB.^.i, Miey- FSffi)l<t©ra(cSiKS 

txtcm&Wi^t ^m-r ^ c i ^ri^isii -r -sit 4 (cia 
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tSO¥^*«Slpl3g©fl««SlHlSgo 

im^mi ] •e©T ^- K*5B?ia0 1 ©02^^^ 

tJmCcSgtSn. ^©:*;V-F*SB«ta03©02^m^ 

ffif(accM^3n/c^?'-i':t- F ^w-r .2. ci -r 
2>i»^j® 2 TbM 6 ©(,»Tti*i 1 micamco^mi^mmm 

10 «7CclBig©¥*(*««!5I8S©#m»«InI8S. 

m^m 9 ] mria0 1 (Drnzmmmtrnm-fy^^mmK 
mf-icmm 3 nn ^ s c t ^#8* <t -r 1 jis 8 

©t^rtid^ 1 ]ltcfBtS©^JiJ3i{*aiffllHl88©»SSffll 

[if 10] B«ia F y tfm^it. Buia0 2 ^msj r> 

x;l/JUW©Bfl5E^l^ftSS«:jfJ(S?nfc^-f Ft?* 

13 > C©i^''f:t- F©T-^- F«Br)ia01 ©02^^S 

F©* V- FttaiS«ffiffl^(c«iKSnri,>SC i 

20 ^^mt f ssf 1 ic§smDmmmmmm(D»mm 

[if5j<^i 1] BuiB3^'f=f— F». mumzmm^'y 
F*5iK^i|g^ig^$n/c^J©■c^)i)Ci^!^si■rsif 

1 0 {ciB*S©¥^»*SIil3S©»««aiHlS. 

[ if 1 2 ] fria0 1 ©0 1 m'm.mtmm t mim 
* ju©Sffl i H9ia0 2 ©0 2 m-'mmmm t ©ra©^ii 

AS. H^^gB02«S^•^;x;^©gg3J:•5^^»'^3^»C^*# 

30 mt-thtmm 1 t^im 1 1 ©t»-rn*^ 1 mictmo^m 

mim 1 3 ] H!riB0 1 mmm.a^mmv^mmifcmz'm 
2 mmm. * ji^ icg-r s i ^ jcjfj^ ? 4a/c0 1 ismsi -t? 

i;U?:Wr-SC <!:«:#ffifrSif^S 1 TbS 1 2©l,i-r 

riifi 1 iB«:fess©¥i»«^«iiis©»m«giiiK. 

[fisRiB 1 4 ] -e©:^ V " F*5B5fe0 1 ©0 1 

m. 1 3 ©i^rnjji 1 «(ciB«©¥3*tt^iBi8s©»^« 

40 sisigg. 

mtm 1 5 ] mrfa''^•-:' Yi^muKti^^, 

■sif 3}<js 1 T^s 1 4 ©1,^-rti*^ 1 :s«cfats©^iiasft^a 

Ih1S8©#«<S^IhI8§. 

[if^3s 1 6 ] H>ifB^(t»«(c*jwswria02ism 

M-^ *;Ufe(5^©$I^tcffJfiS§*a/c02 ©0 1 ^mMffitft 

)i* w 1/ . c ©0 2 ©0 1 mmmmMummmEmi- 

«:«iKS*irt,iaci*i|#®<tf SBf^l7!»Ml 5© 

50 [#eBj®i¥|ffl/j:|ftHj] 
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[000 1 ] 
[0 00 2] 

m^<oUm] ^<*SISIeI8S ( I C) cc^ji^rii. » 

^^]5S^ (E S D : electrostatic discharge) ^Cj:o 

i^mmm. ( b > {tmmmmmx^^. 
[0 00 3] u^<ow^nmmMm(fCi6i.>x[t. mzA 
(a ) ^c^-r<fc ^Jc. PM^wmm 1 0 1 ±^cP^x 

NWl 0 i:S:0'P'^:c;l/PWl 0 l'f)mf&^tiXi.^^o 
^/c. N'^xJl/NWl 0 lRO'P'^:c;UPWl 0 1 ©i^ 
mc*5t:f€)^ffi«:tiN^ J£ti(BND 1 0 2tmf&^tiX 

[0 0 04] N'i'jiJl/NWl 0 lCD^HtC^%ir«. N 
* ffitSUlNDl 0 2<f:aiF^0t:N^ ffit!(MNDl 0 1*5 
?f^^$n. ffiiSMND 1 0 2<hN^ tef^HNDl 0 

1 icDH^cp^ ffitJ(MPD 1 0 imm^tixi.^^. C 
^m^tixi.>^o 

[0 00 5]—^. P»^:i:;i'PWi 0 icD^M^c:tec^r 
Jz;t$tJlND 1 OSiatr^UrN" J£t5(ilNDl 

0 3*5?fjiS3n. igtcgtraorp* ffitiiiPDi 0 2*5 

?fj^$nTi>5o tefftjiND 1 0 siP* ifetftSP 

D 1 0 2 ffi(Dlg^^8t^#MST I tCj:OjfeM^ 
tfc/lND 1 0 3m(DPm:r.\:i^d^z^^jim 1 0 2±CC 

mfSL^tix^^. c(Dmmmi 0 4^y-h^tu. 

ffit^JlND 1 0 3^y--;^iU. ffitJcMNDl 

0 2^ F U'-('><h-r'5N^'t'^;UMOS h^>i>P;t5?N 

[0 0 0 6 ] mnmNDi 0 iRap' fmmPD 

1 0 uc«. Affi;tJ^^• ^ K I/0*5S^$n. 

0 4. ffiflJcHND 1 0 3SO'P* J£tfeBPD 1 0 2 

^JfefflT- G N D s«l ^ nr I ^ ^ „ 
[0 00 7 ] co:><i:^(^cmfSc^tifcmmumMmc^i.^ 

t:«. 02 4 (b) tCn^Tcfc^^c, P^ KlffcHPD 1 0 

1 iN»^a:;L.NWl 0 1 tP^:fi)VPWl 0 1 <hCCj:0 
h^>S>X^Tr 1 0 l*5^^$n. N»:>:ii;l'NWl 0 
1 tP^:^;lPWl 0 1 <hN^ ffit^tUND 1 0 3 iCCj: 
0 h^>i^>^^Tr 1 0 2*5ii^$tlTli-So fiP^. P 
^ ffifWlPD 1 0 1 iN'^x;l/NWl 0 1 iP-^^Jl/P 
Wl 0 1 iN^ K;tJ(ilND 1 0 3 itCjcOlf U X3?*5 
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^^^^nrc^-S. ^;^c. N't?x;i/NW 1 0 1 ^o'P*^:*: 
;bPW10nc^i. S^ffiinRnwRO'Rp w*5^L/ 

[ooo8]^or. AtiAt}^^y h'lyo^mmm^G 
NBi^cy^LxjEmo^-^-t^mm^ri^t. h^>>^x 

a?NlVIOS<DKU'Y> (N* ffifjj/lND 1 0 2) SO'^ 
'f^^ji' (P^x;i/PWi 0 1 ) tomx&Vi (ZTU-^ 
*5^D. t r i g*5N* ffi:tS(MN 

Dl 0 l*>6N»^^;bNW10 1. N^}£ti®ND10^ 
10 2. P':;x;l/PWl 0 l^iSSL/rgil^^-GNDisr' 

i&ti^c cneoM:^. N'^x;unwi o uc§^*t€> 
F i/ocDm(aj:0(5TU. p^^^c^upwio 

1 CcSF^-r^^^JgSiRp w&cJ:orP'^:c;UPWl 0 

i(Dmmmmm^GND<Dm&<k^±Mh. p" S£tft 

HPD 1 0 1 iN-^xJUNWl 0 1 iP'i/:t:;UPWl 0 

1 iN^ ffiS^ND 1 0 3<!:&C<i:f)^^3^n/c1f H'y;=^ 
^*5:t>t^mj^cC-2)o Se^r. :K^rj:mMl s c r^^A 

[ 0 0 0 9 ] c<Di: ^ rj:mmummmt. m^mmw- 

1 0 -5 049 10-313110-^ 

^mmms 4 e 5 i a 9^rc/ ri99o synposi 

urn on VLSI Technology 6B-5 p.75-76J CCfBt8^ tltTC^ 

-So 

[0010] ^/c. 025 ( a ) Re>' ( b ) W&(DU^ 

(D»mumm^<Dmm^^rmx^ 0 . ( a ) »»rM 

30 m. (h) ktmm\^mmx$>^. co^^cDmrnmrnj^ 
mt. m^u^mm^b 4 e 5 1 a g-^^ciBtg^nr ^ 

t.>5o S2 5 (a) ^O' (b) tc^^J:^Jc. COSf* 
<Dlfmffi^loIKC<:4oi^r«. SttfeJlND 1 0 1*5A 

ri^^o ^UT. AtB;^^^*^^ F I/0«P^ ffiiiHPD 

1 0 i(D^ccss^^nri^^„ c(De^3S(Dpm^S[ii5§ 

CC*5C:f ^±ifife(i^(D^^«. 0 2 4 ( a ) RO' ( b ) 

[0011] Lf)^Lrj:f)^ib. ±i^(om^(ommmmMm 

40 (fC^i^^Xict. if »;x^(DT^- F<h:^y- FiCDraCC 
F5>t>Xt$?NMOSCDFU-f > (N* JfitftgND 1 0 

2) f)^^&LXi.>^tc^. y-hm^O. ISumnR 

<Di^m^MmLfcm^(.c^\.^x i>r y - F-;^y- FF^ 
(DgggtL s c r*52 7!;M3 m mgg<hi:l:l56^S< J^jrO . 

e s Dmmmhrirj:{,>t i> ^ mm}^.^^^ c 

nti. if V:^^(Dm.^mt}^^mmL s c r cDifflPtcf^^ 
[00121026 (a)Raf(b) «SCCffi(Dfit*CD 

»m«^[ii5S(Dt«jt^^'r0r^»:). (a) ti»?®0. 
50 (b) fitmm^mmx$>^. 026 (a) ru (b) 
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•5 (a) Rz/ (b) (fC^^rwk(Dmmmmmmtimb 

X. h^>t^;<^NMOS3aafP^ ffitiJiPD 1 0 2<D 
;l/NW 1 0 1 P-^ ffit^cUP D 1 0 1 i ffi^JlN 

D 1 0 4 icDra^o^^^giite^jjisT I orifo^x^m 

^^tJ. mzb ( a ) RO^* ( b ) JC^-r«t*cO»mffi0l 

C0013]S26 (a)Sa^(b) CCTnTS^^cD^m 
SSlHlSg^c^foc^rt^. N'^^;VNWi 0 1 iP^^x^^i'P 
Wl 0 1 tcom^ttCN^ W:Wmf)mi^ihtiXl^tj:i,>tc 

[0 0 14] 

( a ) slo' ( b ) ^mcmz 5 ( a ) sa^' ( b ) CC^T 

»m^S[pI!S(CfcC^r«. MOS h^>t?XiSfNMOS 
<DFU>r>r^^N^ ffit^tJll 0 2tP^:ti}lPWl 0 

(Dh Vi^MK (V t r i g) ttj:6o CCOm^. MO S 

^ ')7.^<o^^ x^:K^<{^tji<.x\xrj:hrj:\.\ ccof^ 

^-:;<mS^atmmx^tj:<rj::Bo 
[0 0 15] ^/c. 02 6 (a) SC;^ (b) CCTnTPm 
ffiSlpI5S^CfcC=.rt^. tyaiO$P< . ^^L s c r 

isl>Xftt. N-t^x^UNWl 0 1 tPO 3i)\yPWl 0 1 t 

V:?7^1E (Vt r i gr) ^i^-T^o N "i? :c ;b cb P -i? ^ 40 

^^lytm^vx^mmmmmr^m^. ^mm 

m^i)mm^rixi,^'b. 

[ 0 0 1 6 ] ccDcfc ^cc. mk(owm^mM^^i6[.>x 
^mL.sQv^/h'^<hxmmmti^n^^ctt 
V ')fjms. (V t r is) ^m^<r^ctt<Dm^Ltm 

0. \0 umCOCUOS'r^ yxiV-tmm^tiX^ 50 
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mm^^swt^tixi.^^. 

[0017] :^mRi^t^^^^^mm}^.(^cm^xtj:^titci, 

[0 0 18] 

2 mmm ^ x ;i/ccff^^ $ titcm i com i ^mMffi;^:^: 
umi<om2mmmmmt. mMm2mmM^ 
9^(owmmmwmm^i{ifSL ^ ntm 2 cdh 2 mwmsm 
mt. 2ST'^wuc<7)2ffiTr^5c-^fii«±©miE5&5 

1 1 ^m^i£tfeH«>'^' -J F <5:g^^$:h. MiH F U :^ 

^tixi^^^ct^^mtr^. 
[0019] :^mmc:i6i.>x{t. h^cmmmK^i^ 
(^cictLxjEm(DV'-i^mm^ti^>t. mi(Dmimm 
MffitscB. m2mmmo:f^ji^. mio)m2mmmmkm 

ntc cfc 53 . hv tim^^c V y t3m:mmti com 
CCD h V tfmm^. m 1 cd^ 1 mmmw:wm. m 2 
mmmo x )VR^m 1 mmm(D^mi^mm^ e 5 h ^ 

>zy:^^(0^-:^miktrj:K^. C<DV 'ylyVT.^t^:^^/ 

ttm^jr-So cnocj;^. mo^i^m^ffiiiji. m 

2 »^ X ;u . mi MmmDmmww^mjfm 2 cdii 

[0 0 2 0] *^?8^*Jl^Tt3:. Fy;«/*T-<i:BiriB^l 

s c r^S<'r^C<h35^rt. E SD©S5[^t^;^^rSj± 

F y;^fg^(D#mcj:-Dra^r^ci:;&5r#. Fy:^ 
^ y ^ i {tmmmcm^^ ^ct^^x^^tc 
h yy7^i£^fi;^.cc^^-r^cij!;5r^^„ cojg 

f2:mmrj:mEMm^t^ctf)^x^^tmc^ 0. 10 



mi'^m.mmm'ii'r^. m i i ?»^i!£f5® . ^ 2 

:<^;uRD^'m 1 om2^m^ffit«l^/^Lr h 

[002 2 ] 

oxM:i^m(>cmm'r^o mikt:^^m(Dmi(Dmmm(^c 
^^mmmmBi^o^m^^nk-rwimm. 02 (a) 

cD^ffiiiisgs, (b) ict^(Du^r^ hmx^h. 
[0 0 2 3 ] *lliS0i)ccfcc>rt*. miRz^m2 (b) 

jvm2i^mM^ti. PSxt'^=*^i/'^';l/B2©^HCCN 
(|^l(Dm2^mi^»^a:;l/) NW 1 jJ^^^FM^tiT 
l^-So N-i^xJbNWKDMiS^PSO'^J^aJtC^. ST I 
(Shallow Trench Isolation) (fCj:^M^^Wi&BMS 

T I i7!fMst I sm^fSL^tiXi.^^. -eor. n^^^i 30 

ST I 2K:J:0IK®$n/cM^k:N* f£«jl (SlOll 

2 ^m^ffit^ji ) N D 1 mm ^ ti . mi^^mmmm s 
T I 2Ro'ST I 3(fCj:K>mm^titcmm(iCP^ w:^m 
(mi(omimmmt6:wm) pd i^^j^^^nn^^^ 

Jt^HND IRl^P^ immPD l±tc«. 

Kss iRo'S2 3&5ff$^$nrc^'2>c 

ll2CD*ffl'Cm^St.ffiMMST I 3i)^tbmmLtcmm 
CCP'^xJl/ (l|2cD^l2g^M':>:c;U) PW23&^ff^fiS$ 
nrt^^o P»^:<:;bPW2 0W^g!5^(*. STHcJr-S 
^^^glJffiii^MST I 4R2>'ST I 5 7!>^ff^fi£^tirC> 

^ur. m'^mmmmsT i 4ro'st i scc^t 

OlZil^n/c^i^tcp" K;t«l (l^2<Dmi^m^Jm 
il) PD23&5jfJ^$n. ^T^gSi^i^MST I 3&0'S 
T I 4K:<J:»3^ili$n/c0.i^tC. xd^Xr'Vv'a >1«@ 
ON^^-f^oHVIOS h ^>i^X^NMOS*5ff^^?nr 
t.^-So IP^. ^^^^59^gt»ia^liST I 3Rt>'STI 4 50 
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CCBST^Jr-^CCLrN* f^tftUN D 2&0*N D 3 

Wmi^DbRZ^NDBmm^tiXi.^^. ffitStJlN 
D2St>*ND3±tc«. FJg S3Sa^'S 4 

-^-^^^UiCCti. h*6;»M3&C>'y- hm@4 5J>5Sll 
$nr(ri^« «?!lx.t^O. 2amr*eo 

ri^6o ^/c. P-^ S£tS«PD2±(c{i. S/V1f>rKB 

S5>{^5?f^^$nrt.i^o Vtfw' Kjl S 1 7!;MS 6 

S 1 <t S 4 <h5i^)lie^M 1 iCj: -oTtiS^cSM^ 
tlTl^^o t/c. 5^yif-rKBS3. S5B:<>*S6CCS^ 
ilkiraT-GND^O^S^^n. y if KJl S 2 CCA^1;^>'^• 
K I /035m^3^nri^6. Aa;^^^*•:; K I /OCC^i 

1 . ffit$:JiND 1 Rz^^m^mu 1 ^/M^r h y 
^-^■r^^MOS h'y>iy:^^NUOSftcmm^tiXi.> 

C^5o ^/c. ^HIB^CC^J. FJ;!^^. T^US^^A (A 

1 ) x^m (cu) m^^ibu^mm^mm^ti^o 
[0026] c<oj:':>(.cLxmf&^tifc:^mmm<Dmm 

UmMmc:i6i.>X{t. ^2 (a) (C^T<J:^^. P* ffi 
i^SPD 1 iN'i7:n;UNWl <h P -j; x;UPW 1 ^O'PM 
xe^=^-S/i-;l/M2 itcJrO h^>i^>^^Tr 1 

N'^xJl/NWl iP'^x^l/PW i;RO'PMxf^ 
=^e>-f;Ujl2iN* ffi»(jiND2 <J:^CJ:«P h^>>^>^^ 
Tr 2:(?5«^$nrc^^o IP^. P" S£«BP D 1 <?: N 
»>:,.;L'NW 1 iP'^x;upwi ;5^t>'PMxf^^->i';b 
112 <bN^ ffitS[SND2<h^Cj:f:)1f>f yx^;)^:^^^^ 
rC^-So ^/c. N*i?:«:;UNWlRO*P'^?x;UPW2CC 

[0027] yc^c. ±iii<D<fc ^ ^citfig^n/c^ i <Dmm 
WcDS&mcoi^r. ^ 1:^:0^2 ^#Hsuritt0^T5o A 

K I/OCCgti&GND^C>f^LriE@<D»m1^- 
>^;i)5Ef]Jjn$n^<h. MOS h^>>^Xd?NM0SC7)KU 
>l^>ffi;^ll (N" t£tJ(BND3SO'NMS£t5(llND6) 
RZ^^^^^)l (PS}xt'^^5^-i';Hi2) r^mt^ i':f 

IS (N* ffifStlSND3SO'NMl!£l!«ND6) . ^i-^^ 

(PMxt:*^=^>'i^;lx;i2) ^^IKi-r-S h 
\ i T i s-^^mti^o I i r i sictP^ t&WLmPDl . 
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lyy.^i)^:ty^mtt£h^ PNP h^>i;^X^7j>5:t>t^ 

fS« N D 2 T « ^ $ tx N P N h ^ > ;^ ^ :f > 
iJ^jr-So P* ffitJ[ilPD 1 iN*:?:^;^NWl 

iP»^xJl/PWlS.C>'PMxb-^^v^-t^;l/g2<!:N"' fi£ 
tWiND2 itCj:01fJ?£5n/c^*1f^yX5?*i^>t^ 10 

m^Cts:^. U-oX. -X^UWMl sc r:05Ata:^>'^*';; F 

m C i < igifeS^ G N D i jUt^^ $ n ^ o 
[002 8] ccDcJ: ^J^cCH 1 ©^Jfe«?«tc46a^r«. 

saassi LT(D*^»^iPiK ( I c ) T&^ii^ttf^r-s 

Se^r. m^'i^ (bps) CDiSSttf^j&snJtEi^^jr^o ^ 

/c. MOS h^>i>X^NMOS^N^ i£t$(JlND UC 20 

I s c r^O^ilitn^P* SEfStJlPD 1 <hP^:«:;UPWl 

tf)^X^6o IP^. fie*2 7iM3 /imfiSiLTC^^gB 
KLscr^SrO. 8 umm&tmmr^C tf)^X^ h. 

[002 9} yctc. H 1 <D||;tet?9tc0^6»^««lDl8g^ 

m^'rhio-mc-:>i.^xmm^ho ms (a) (c) so 
^mm4 (a) (b) {mi<Dmmm(tcmhmm 

[0 0 3 0 ] S3 (a) ^C^T<i:^Cc. PMxt: 

^ + 2 ^ n/c pm^mwmm i (d^ 

Mtc iltRfi^CC S T I J: ^) m^^tmmm S T I l 7!r^ 

ST I b^mf&-r6. 

[003 1 ] yctc. S3 (b) &c7T^"rj:o&c. m'f'^m 
mmmsT i so^^'C^r^^o^^^^^ttea^jisT i i 

I 3 (DT^^XN X ;U N W 1 i t3:S»ffJJa>*^^CDMi^tC 40 
jR^^P»:;x;bPWlRO'^T-^gtffi,^lliST I 4CDT 

N ^ ;U N W 1 SO^* P •i? :t: ;i/ P W Uc :fd ^i^iBJ^gg 
lit. 5 X 1 0 * ^ c m- ' SS-C^^o 

[0 0 3 2 ] ^CDf^. S3 (c ) ^C^T<i:^CC. P^x 
b-^=^-S^i';l/®2±r^T'^^)te#MST I SRZ^ST 

S4RC/y-h^M3^vXi:7<!:Ur. ^^ff^^I^ 50 
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:f>^5keV(D»aiix^Ol/+*fio5X 1 0* * «@/ 

[0 03 3] ^(.^r. S4 (a) co^-r^fc^cc. 
aAtCcfco. m^m^msT i iso'sti 2Pb1&c 
ffifScBND 1^. miF-^mmmmsT i 2so'st 

I 3P^CCP^ SttWiPDl^. ^^^^^^STI 4 
RilXST I BKCCP* |£tSc/lPD2^. ^^ff^^-r^o 

ke VcD^J^iIx;^;l/^'So5x 1 0' ^ (fi/cm' ) 
(DF-Xfit?aAL/. P^ ffitfeJlPD lRO'PD2CDffJ 
mxict. mt*>Kn>-f2f>>£:5 ke VOiJOiix^^l/^-- 
a-:55xio'^ (ffl/cmM (OF-XfiraAT 

[0 034] ;?:ci*r. 04(b) cc^-r J: ^ w:, tu 

ffeJlND l±(cny>'jUFi/';if>f FliS 1 P* j£t5c 
JlPDl±CC:3y^Vl/^i^y1f^ FMS2^. ffifjcS 
ND2±(cny<;l/Fi^'J1f-r F«iS3^. ffitStBN 
D3±CCz3y^';^^^yy1;^-r FMS4^. P^tet^liPD 

2±tcn>^^v^Fi^y-t^ FMs 5^. Hmffi4±cc 

>'Uh>";if >f FMS 2tcAai;^^^* ':' F I/O^S^L. 
ziy>Vl/Fe^yi;^>f FJiS lRa^*S4CC. «?a^tfl. 5V 

JUFi^'jlf-Y FMS 3. S 5;R<>'S6CcSi6iffi^GND 

SUlElSg^iS^t- -S C tf)^X^ 

[0 035] ;XtC. *ffe0^(Dll2 CDHJfeM&C-oi^riJ&B^ 
T^o S5 (a) «*:JI3teWc«^€>»m«S[pI?8<D«ii 

^^-TKMST'^j^ , (b ) f^t^comm^^mx^h. 

j^c*5. 05 (a) ^c:tei>r«. 0 uciR$nri>^cl:^ 

F^:t-;Hi0^^«'BS5nro^^. 
[0 036] *:^«?!lCC*jC^r Ji. 05(a) RZ^ 
(b)CC^t-J:^tC. PM*z»i*aSl±CCPMxb-^ 

iit. mi'^mmmm (s^it-r) mif&^tix\.>h. ^ 

UX. N^i^xil/NWlcD^MCCfcl^r. 
CcJ:0EH3n/c2O^JiCc^^N* llttSilN D 1 SO^' 
P" ffitftSPD l;05ffM$tirc^^o 
[0 03 7] ^;rc. PiSxbi§7^^Vi-;HS2CD^a;cfc 
C:f-^N'i?x;i'NWi (D^fflijccti, P^ ffi;f(®PD 1 ijt 
CCN* ffitJcJlND 1 ^mt^<i:^tj:iiim(fC. ffit5(®N 
D3;^5ff$^5nr*Jf3. N-^ ffitiHND 1 iJfctCN* fi£ 

JS^nri^^o fl£t5cSND2St>'ND3tiMOS F 
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tt^->X^n. ffi:tS^ND2RCKND3CDrHlO$Ifc:Jc 

mm mm^ir) tm^^hti. c(o^-vmmm±.^c\t 

[0 0 3 8]—:^. PMxf^^^i^H';Hi2CD^ffiec:fo 

^c:r6nrc^^o fiuUf^ND i . nd2. ndsr 

U^NDT^WCP* ffiffcHPD lR0^PD2±k:«. ^ 

/c. ND3y-hm@4. K;t$tJlND2. *£ti( 20 
JINDTSO^^P* K;tJ(JiPD2i3:g^ftfeST-GND-^gi6l 
P^ ffit^MPD HcA^i:^^>^^* > K I /Ot^m^ 

m t^w^^nxi.^^. u^. p^xf^=^>'i';i/ji2 
p X ;i/*5?f^^ 3 nr t >r J: c 

[0 04 0 ] CCDJ:^CCLT«^$tx/c*:||jffi«?!|(D»m 

e^HSg^cfci^rti. 05 (b) ccTj^-rjz^cc. p^ ffi; 
tiSPD 1 iN-^^xiUNWl <bPMxb*^=^->i^;Ha2 

1 iPMxt:iS?+>>i';Uji2<bN^ f£t5(Jl N D 2 i J: 

D h'^ve^^xts^Tr 2:^^«tJiR$nri^^. infe. p* ffi; 

f^MPD 1 iN»5':c;l.NWl i PMx f^? ^^v'-t-;!/!! 2 

imm^iy2ti^cj^^^-( ^)7.^i)mm^inxi.^ 

*/c. N'^x;bNWlSafPMxf^=^t^^^;l//12 

[0 04 1 ] :$:||2^Sfe«?!lCDl&mC'^C^r. 05 (a) 
RO* (b ) ^#MLrSSHj-r^. AW^^N'-^' K I /OCC 

Stfe G N D {c^ u r IE@(D#mt^ - ;&^En»a ^ti^t. 

MOS h^>>>;^^NMOSCD KU-f >i£tfeB (N-^ ffi 40 
tS[JiND3) ROf^i-^^^l^ (PMxfiSf + ^>i';l/Jg2) 
P^ra^f^ (:/U-^y^>) :^^^D^o CCD$Sm. P"^ 
K:li/iPD 1 . N'i^xJUNWl , fi£^/lND 1 . ^ 
mmWMl. KU^>ffitiJl (N* a;t$UiND3) . ^ 
'i^:^;!/ (PMxf^=^$^^;bH2) ^jSK^-r-S h U:^ 
mSfgl t r i sm'ktl^. I t r i g«P^ ffitftHPD 
1. N'^ci:;l/NWl. PMj:^b-^ + >'i-;U®2r1t^$- 

n-sPNP h^>$^;^^©x5 V ^-^-7.m^w^^^ 
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PNP h^>S^X^?&^:t>tfc^i^j:^« PNPh^>i^ 

^i^ + ;Hi2. ffit5{liND7rlf^^n'5NPN h 

'7lyly::^^i)^:^>^mtfj:^. ^(Om^. P" ffiSOlP 
D 1 <bN»>:i:;bNWl <hP§^xf^^^'-t';m2 <bN^ 

y F I yO(,CBm^tifcV'-tyiit. F*9gPloIKCCX F UX 

[0 042] :$immm(^c:i6i^x{t. m^om i cd^w 

iM^cCO. MOS F^>t?X^NMOSCDV-X (N"' 
ffiti(MND2) <b1f-f ^}7.^<DtiV- K (N" fi£tS«N 

D7) ttf^^mx\%fs.\.>(OX. MOSF^>v^X^NM 

[0 043] :*:|^H^C0ll3CD^it^?iI^oi^ri^H^ 

^wrtmwmxm. ( b ) \%^(Dmmmm^xth^^. 

f^%S. 06 (a) tC:fel^r6i. 05 (a) if^^CC, 0 

[0044] ■^mSm^^^\.^X\X. 06 (a) Rt>' 
(b) ^c^TJ:^^c, m&(Dn2(DmMmtim.\^X. 
PMxf ^+S^-^;H12©^StC*jC:r-SN* fEtJtJlND 
7iP-^ i£tfeJlPD 2 <hCDr^^CN»^x;l'NW2;5>5^C:r6 
CCDN':>^>»UNW20aMtCN^ ffitj(jlND8:^^fl5 
^^nrti^o *£IS[aND8C!)^Mtc«i^U1f>r K 
m (0^-ti-r) ^^ff^iS^n. ccDv'Vif^ FBtcAtB:^ 
f^v F I /05&5SM5nrc^>5o fiH^. AW:^;^^* ':; F I 
/O^iP* ffitJcSPD lR2>'rtg|5lHlK (0ij^-«±'r) Offi 
CC. ffitiJlND8CC*>g^)^$tirC^^o P" ffifftM 
P D 2 RO'PSx f ^ i-^m 2 i N »^ ^ W2 S 
CJ^N* ffitStllNDS <h^J:0. P Ng^^-T FD 7 

[0 04 5] 2(s:^3*j»M<Dttmcoc^r. 06 (a) 
(b) ^#MOt:|^B^^^, Aai:^^>-':^ F i/occ 
Jg«6G N D CC>Ft OTiEffiOf^mif ->^3^)^EPJjn ^ n/c«^ 
Ha5EOll2co||ttMiliI«^'j:ttmcJ:0. f^^t?— 

* J£t$®PD2RafPMxfa?=^^'i^;Hi2 iN':?^;!/ 
NW2SC^'N'' ffitJdlNDSi^CcfcOff^^^tirCi'SP 
Njg^^'Y:^-- FD7;05:t>1:^J^<i:?:i:D. CCD^ScD^ 
^1^- P N ^ :t - F D 7 D r gSfeffi^ G 
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[0 04 6] ^fc. 1f »jXd70:^V- Kt?^>SN^ 

^-SP* ffifliJiPD2 i(DPaccN':;x;l/NW2^1Bg 
M^^^f Ci^CcfcO. NPN h7>i;?;?^afCDtttg 

[0047] ;xtc. :42|^H^(Dll4cD^Si^ccoiiri$i0j 

J^C*>\ mi (a) ic:b%^r4>. S5 (a) ;5iD^'^6 

(a) i|sl«{c. 0i{c^5nrc^^J:^i^dC^^^gti» lo 

[0 048] *:||]!«0»J(C*sC^r 07(a) 

(b) Cc^-ri:^Cc, MaiCDl|3©||JfeW<btL$jJLT. 

[0049] ^^MCCfct^r^a:. 3 (DSSffiCT 

0. MOS h^>^«>;^3?NMOScD:/lx-^^^>MIE 
V:^'mv t r i g^Ttf^Ci^ir^. rtSPIilSS^J: 

[0050] :4c^H^cDll 5 cD^ife«a|Ccoi^r|$iB^ 

•r^o 08 (a) «*iijfeWcos€>fim«S0ffioi«3g 
^^■rwffist?^*:). (b) {3:^(D^ffi[piss0r^'S« 30 
tii^. 08 (a) ccfci^rfe. ^T^gtiteiitR v'y-t?- 

[0 0 5 1 ] 5^^Sfe«?ilCc46a^r t*. 08 ( a ) RO' 
(b) &c^*r<i:^tc. H5ai<Dll4(D3ISfe«?!I<tltl5L/T. 

mS4<tCDPa^C3^1CD^>>'^'-^9 a. 9b:RO*9c;(^^ 
CC:telir^>. l|4CD||3Si«?ll<h|5l1i^CNMOS(D:/U-^ 40 

9cCc<J:0«^$n-S@8S^. S5tR 1 <b=^1'>'^•t^^C 
JiHISS&CM ^ ^ C i ^ ^ „ 

[0 05 2 ] yctc. ^^Hjcome cD^ffi^nccoi^ruiB^ 

•r^o 09 (a) {***JfeWc^^#m^[ilKCD«i^ 
^^f»TM0r^f3. (b) ^S-E-CD^«Iilffi0r*€>o 
^:c4b\ 09 (a) CC:feC>r*>. ^T-^gtitefg^M. 50 
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[0 05 3] ^mfe^ijCC^jl^r t*. 09(a) 

(b) ccTT^Tcfc^tc. luai<:Dm3(D||?^«il<hJ:t$5ur. 
S^30llifeWc:feC:t-5N^:«^;l/NWl (06 (a)# 
l::^I^CCSe^J$n/c3 ^^(DN'i':r:;UNW3. 

NW4SafNW5K:^*(Snrci€>o tox. n»>*;1/ 

NW3<D^MCC{iN* ffiftilND IS^'P* tu^MPD 

•^x;UNW5(D«M^C«N^ ffitiliND 1 O^O'P* J£ 
tmPD l:«)^ff^^5nri^-So NMifctWlNDK P* 
S£tfcBPD3. mWmi^DQ. P" ffitftiiP D4 . 

ffifSBND 1 ORZ^P^ fittftgPD l^CCDJia^cl 
?'KciBg$nTC^-S, P" ffit5cBPD3«N* t&WmN 

BQicmm^tix^^. p* j£tsjePD4«N" tmm 

ND 1 o^c^fel^nrc^^o *^]teWc*5C^r^s. p^ 

ffiSiiP D 4 i N*:; x;bNW4 iCCj: 83 P Ng?^^^ 
-FDl Oa^^ffJ^^n. P* S£tJ®PD3 chN-t/x^U 
NW3 i^j:^ PN^^^-Y:t- KD 1 0 b^J^Wi^S^ti 
rC^6o CCOPNg^^lSi^'r:^- FD 1 0 aRO'D 1 0 b 

NW3. NW4. NW5CC(^. ^^ig!rLRnw3. Rn 
w4. Rn w5:0^S^Lrc>^, $:^ffit?!ltCfcC:r'S±IB 

imommt. mig^(Dm3(Dmmmtmmx$>^. 

[0 0 54] :^mMm(>C:hi.^XU. 85^011 3 CDHJfe^ 
<bi:b$5Lr. Aai::^^^* '^ F I /O cb^ilgS^-V D D <bCD 

pa{caiS(Di$^^2f- F3&5i9:c:f6nri>€>/ca?). mmMK 
^^:f-F<DfSIS»ft^mEU-^;Uci:oriiS-r 

[0 055] ycoc. :^mi(Dm7 <Dmmm^^^>xmm 

•r-So *IIJgWI«. t?^CD06O^t?5i^4CD^0( 
9(a) tCTj^-TM^OHecQ^JfeWitb^Ur. N"^ 1£ 

^T^^^g^j^^nTli-So fiP-^. MOS F ^>i^X^NMO 

scc*5i^r. y-;^^ii!(:?3:a'FU'Y>^i^<hy- FM® 

[0 0 5 6] :^mMWc^i^>xu. mi^<Dm6<DmMm 
ttmox. 'f- F - Fu-r>r^cDSs^^^*ccj: 
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[0 0 5 7 ] ^^cc. :^mmm^<Dmm]^c-D\.^xmm 

Mii^^-e^^o 10 

[0 0 5 8 ] ;*cc. *ifeB^cD^9(DlliSM&cociri^0j 

^TVDDiSiftSS^GNDiOPBlOiPmif-s;^ (ES 

D) CCct«9. MOS h^>-:^X^NMOS:^^'ffii§|$n'5 
Ct^m±X^^. CCD/cSb. MOS h^>>^;^^NM 

CD||4cD^|fe^Jif5l^tC. MOS h^>>^X^NMOS 20 
[0 05 9 ] :XCC. 1 0OllSS«?tICCOl^Ti$i 

(ESD) tcj:«9. MOS h^>t?X^NMOS 

imm^ti^ct^m±x^h. ccotc^. mosh^ 

>>?J^a?NM0S^/h$<-C^^„ 2^cC4b\ *^]ffiWcfc 
l^rt*. HU^<Dm7 0||teWI<bEI«^. MOSh^>s;^ 

i>J^i^\ 40 

[006 0] *:|Eg0^(Dll i 1 (DmMm(fCr>i^xm 

Tjkrmmm. mii (a) {t^(Dmmmmm. (b) 
[0 06 1] *S£teWc4st,^r«. s 1 oRi^m 1 1 

(b) ^c^TJr^^c, PM*#f*S« 1 CD^M^C. 

(m 1 (om2mMm^ nwi. nw2:5:o'n 
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l^^o N»^^;bNWK NW2:?^a^'NW3 3feWcP»i;x 

;i/pwc7)a^5«. m^ii^m^(icmm&x$>^. 

[0 06 2] $/c. N»^:t:;UNW10^ffi^CP^ ffitfcJl 

(H 1 CD® 1 ^mMffit5(Jl) P D 1 -R^N' ifu^m (H 

icomzmmmmkm) NDimif&^ti. n^:^)in 

W2<Da®CCP" ffitftUPDSRCXN" J£t5(JlND3^^ 
Bf&^ti. N'^7 3:;l/NW360*H(CP* tttJHPD4& 

1. SiitstaND 1 . p" i£tfejiPD3. tmm 

ND3. P* t£tfcliPD4RO*N* S£t5«ND4«. N 

»^x;i/NWi. NW2S:o'NW3 3&^ife^:^r^cc*sirirc 

3RjyfN^ fiz;SJ[HND2^K«3HtfJ;5tcLrP* ffifS: 
B (II2CD® l^mMffitft®) PD2:*^P'^:«:;l.PWCD 

mmdcjtm^tixi.^^. u^x. WMmPD2ktw- 
tic OP ^ immPB2tN^x.jvNwi twsom^ 

Xl^tj:\,>mM(iC{t. m^fctST I (Shallow Trench ISO 

lation) (fCj:^mj-^mmmmsT i mm^ti. 
wm±ifC. mt^c o s i 2 xitT i s 1 2 m^^^rj:^ 

[0 06 3] Mtc. ±ffitcaraj»ssig (07ni±-r ) i)m 

^ ffi;»«ND2SO'P^ S£tJ«PD2lJSt6^^GND 

^mm^ti. p^ mwcmPDK^cx&ti^^v I yo-f)^ 
mm^ti. immNDitp^ i&w^PDstf)^^ 

p" tmmPD 4 t^s^m^M3i,c^K^m^(fcmm^ 

[0 0 6 4] CCDcfc^^COr^^^n/c^llJ^WCC^cJl^ 
rt^:. Sll (a) iC^T<J:^CC. P^ i£t5(liPD3 <!: 
N'i;:i:;PNW2R?>'N* ffii«lND3itC<J:«:)PNS-& 
^^^:t-^K (||2(D^Y:r-K) D2?&^^^$4l. P* 
timmPD4tN^:^JUNW3RZ^N^ ffifScjlND4i 
K:4:OPNS^32^H^:t-F (^2<Da^^>f:t-- K) D3*5 
mm^tlXl^^. ^LX. ^>(:t-b'D2R^D3(^C^ 
^ bV:^'mi-m^f&^tlX{.^^. ^fc. P' WMMPD 
1 <bN'i/*;UNWl iP»t7*;UPW<btCctO PNP 
>t;^x^T r 1 N'^:i:;l/NWl iP':;3i;l. 

PWiN^ K:t$(JlND2chCC<fc83NPN h^>>=;^^T 
r 2:;^)^^^^nrc^^. fiP^. P^ SttJcJlPD 1 <hN»:> 
:c;l/NWl tP^x.)lP^tN^ 4£tfe«ND2<i:(Cj:0 
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Rn w2SafRnw3;&5^*L. P ^ :r.)iP^(^kt. ig 

[0 0 6 5] ;xcc. JiSiCDcfc^^c^^^^n/cmi ion 

feWcDSftf^^C-oc^r. 01 O^WCHI 1 (a) ISl^ 

(b) ^^MLxmrnt^. Amti^^y K I/0--^j& 
s^G N D {c*f Lx]Em(ommv'-i^mm ^tiht. 

P-" J£i5cliPD 1. N'i?x;l'NWK t£t5t)lND 

1. ^iei^M2. Jli;f(®PD3. N'^x;l/NW 

2. N-^ ffitfeSNDa. ^Kia^MS. P* ffitStJlPD 10 
4. N»^x;l/NW3RO'N-^ i£tftjlND4:;&^6i^cj:-5PN 

P h5>>^X^0C)X5 5? — ^-XP^RO^2fl(0ii:^JJH 
^3^-Y:t-F^JgSS<!:T'5 h Vi^mWil t r i 

I t r i g^iP^ ffif5[@PD 1 . N^x.)\yNW 
K P^^iJbPWrlt^^ti^PNP h^>>^X:$?(Dx 

B#tC. SulBPNP h^>>?>^^;^5:t>tfe1M<t3^cC6o PN 

p-i^^xL^bPW. ffi;t$tJiND2r«^$n-SNPN h 20 
'y>zy:^^f)^:i'>iKmtrj:^o ^<DM*. P* fiStJcJlP 
D 1 <hN^x;^NWl (bP'^x/l/PWiN* l£t5(llND 

fi^-^T. i<^rj:mmi s c r :^^At^:^^^*^:' K I/O 

i j^j: < g^tifeiS^ G N D -^m^ ^ n ^ o 
[0 0 6 6 ] CCDJ:'5j:cI|1 l<D*]teWc4dC^r^i. ^ 
-/:if--KD2SC/D3:0:»e)3^j:€»hy:^^^*i. #SE*I 
M2^/M.r. PNP h^>t^X:$7T r 1 (D-^-Xr-^ 30 

,^N*^x;i/NWiRo'N^ ffitftJlND iccgfM^nri^ 
r'#. moSi s c Ti>mti^p^ ffitJdiPD 1 iP'^x 

;l/PW<J:COPHl(DffiSI^. N*!? IRZ^P^ x,)lP 

*27bS3 Atmligibrc^^KgtL s c r^O. 6u 

tg?:c<Dr\ m^ESDffittt7:j^f#6n^o 
xco^mf^mmMm (i o 30^ffl;i;«&f^-r^i^©«^^ 4o 

p' w:WLm(ommu. 0mt i o o mm,x+ 
^xhh. -ecDi^cDSiSStsiS^ 1 0 0 f Ffisi 

ScGbp s<OKii»fWpJ«ei;^j:So H 
BM (Human Body Model) X{tA 0 0 0 V. MM (Mach 
ine Model) rii4 0 0 V, CDM (Charged Device Mo 50 



^#13 2003-203985 
18 

del) xk-xioo^ymmoym^^^Esx^mmm^hfi 

FD2:5^c;D3) CD^fi^iiM-T'SCihCCctorffi^g&C 
[0 0 6 8 ]MCC^/c. MOS h^>>^y;3?^fflC^^C 
MOS h^>>^X^(Dy-- hM^bM^ 1 9 Aggilz-C 

»m<s^P88i^tcfciirMos ^'7>>?x^(D>5^- 
[0 06 9] f^^. ±.mDX 1 (ommmdci^.^ 

;l'CD^$«^?gg^i, m^^tbx 10' ' cm- ' fiS<h 
-<:t>^ 1 0 k e VCDSOoSx^Jl/^'fioS x l 0 

' ' (my cm' ) cDF-^xaraAo. ^p^ i£t5(ji 

(DJfJfigr^. t?II;i«^n>^^>;|:5 k e VcoflDiix^> 
Jl/=^'E.-:>5 X 1 0 * ^ my cm' ) <D K-^XfiraA 

[0 0 7 0 ] ^ /c. 01 1 (ommmxiit. p n p h ^ > 
tyT. ^(o-<-7>. tmmm^GU d borate 2 ihop ns 

V F I/OCCe^*&$n€>{i-^miE<L§PNS^^V:t- 

pnm^^'^^-Y<omt2&mxj^^>tK 

-r:t-FCDSj®|gr«. a«ai{^B#tC:tet:f6AW;^>'>* ':' F 
\/Ot igafeffi^G N D <!: (DHCD U - ^mS^#St b T 

[0 07 1 ] ^XCC. ^:|feH^CO01 2o^wcoc^ri» 
HJ-r 0 1 2 »*:^B^(D|| 1 2 <D|liS«a|^<^-Si?^^ 

siiiK(D«3^^7j^-r»rMS. 013 (a) \-x^(Dmm 

nm. (b) ti-e-cDU-YT-^ F0r*>^o J^j:*>\ 012 

mi uc^Tmi i(Dmmmtmm(omf&^m(rCiit. m 
[ 0 0 7 2 ] m 1 2 (Dmmm^ci^<.>x\z. m 1 2 Rum 

13(b) CC^-r<fc^{C. i{^»Sffil(D^ffiCC*5l>T 
N»^x;UNW2 <!:CDrBlT^N*^x;UNW3^$»^t^{4^CCN 
•^x;l/NW4X?5N'i?x;UNWl 7!;MNW3RO'P'i?x;U 
PWil^SKogil^-cB^^ii. -e-CD^MOcN^ ffitiH 
ND57!>Sff^^$nTl^^. ^/c, t£f5/iND5±CC 
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ho 

[0 07 3] C(DJ;:^^c\^xn^^tifc^Wm\^C:^\.> 
013 (a) tc^-rJ:5tc. ffi:t5(liPD2. 

RO'N^ l£IS«ND5<i:tCj:i5PNS^^^-r:^'-~FD4 

KD4:0^!i^^''rrx$nrfis•t^-->^7^)^gtiS 
[0 07 5] ;x&c. ^mno:>m i scDSiss^j^coi^Tift 

cc4oi^r«. K i /oirtSBioissi 0 

nmtmmmut<Dm(^c. PNjg^^w^:^--FD6sa* 

utmm^^t(Dm(^cmm^tixK^h. ^^0^1 ir 
t>'i 2(om&^t. mi I (a) (fcm-rmi i(DmMm(D 
mmtmmx^ho m^. ummmi isou2cc«. 

DSafeO'PNP F^>t^;^a?T r mt/NPN F^>i^ 

F I /O(Of^t>0tcm®ie^:()mM$nTi,^ 

^fc. PNJg^^-/:t-FD5SC;fD6<DSig«. 
®1 2CD||]ffiWC*J^:f-2>PNjg^^>r:t- FD4(Dlfjg 

[007 6] C CD cfc ^ {C«JS? tl/c^ 1 3 <D^MCTtC*5 

iE®X«:g@Ot^-S>3&^En»P$n/ciS^tC{i. ®120 40 
^0«<b|HHioS6f^K:i:*}. lf->'*5gfflS-7-GNDJc 

^^l li)mmiKm^rj::Bt^^(iC. PNJg^^-f FD 

m^i iRUP^m^^'^t-vx^^^ifw^xmmmi- 
m^yY)'D^cnhx%m<0'^-i>mm^tifc^^^c 
cc. uwm^i 2tmm\km^cf^ho cotc^. nmo so 
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-^-i^iitPNm^^^:^- FD5R(7ffili[lSgl 2^/^ 
[0 07 7 ] y^^. :$:^Hj<Dm 1 4(Omm(fC-:>\.>xm 

1 4cD^iiwc^^i^M«siiiKofi^^^-r^ffiinigg 
Sr^-So mi 4cD||j5iWc*>iiT«. r^n^nim^ 

tf^ i^gPEiK 1 0 a (ommmtfC^ m 1 2 ii^«cD«^o 

PNm^^^t- F D 5 a:?3:c>'D 6 a^WCffi^SSg 1 
1 siRai 2ai^mi^^ti. 'fi:>diJV(im^n'y^^\^ 
SSlOdCDSSffiCc. 01 2iig«c7:)»^QPNg^^^ 

[0 07 8] ^fc. F^gPiggSl 0 a«r:^nt^|i|g8fflCD 

m^^v D D RRz^r-r.u^m^mo^mmm^GNB 

aCc^^^n. I^SPIilSSl Od^3:f'i^^;l/I5|3Sfl|<D^® 

mi^vDDdR^r'v^^jmmmomfm^GN d d tc 
^cmm ^ tifcmtmm^^m^rf 6 n . c cosiais^cc p n 

Jg-&^>r^-FD5 a. D5d. D 6 aiS^O'D 6 dSfeO^' 
(^cumm^^l I a., lid. 1 2 aRD^'l 2 d3&^g^$ 
tiri^^,, gifeffi-^GNDa^Cgi|^^ti/c}gi&iH^<bg 

im'f'GNDi^cmm^rifcmmmutcomat. ^^^^ 

- F D 7 aR!>*D 8 a:?&5SCitCil!:&f^^r6llirafe5»JCCS 

^^n. igiifeffiT'GNDdCC^J^^n/cgtfeiB^iB^Bfe 

^^GnY)i,cmm^tifcmmwMt(om(iC['x. ^^:t- 
FD 7 dSD^D 8 dt^mi,^cm:fJ\^^}pli^^x^m(^cm^^ 

[0 07 9] C O J: ^ (c«^^ tifcm 1 4 (DllMWcfc 

<t:^j:€>c ?'j::fb\ ^^:t-FD7a. D7d, D S slR^ 
D8d{*. lgJti^PB^rcD^^X(DeS;|:P;5±'r^/cd6^C 

S: t:f 6 n r c > ^ 4> <D -c * . 

[0 0 8 0] mm<Dm I (Dmmm(^c9f;-r<i: 'ytj:^^^ ^^ 

PMxet$?=^ix^;H12{c;^->rti6ii^^&i^c< . "vx 

S h^>5^X^NMOS0D^-f ^;L'afeWCP'^3:JbPW 
1 ;S:0'PW 2 ^^t? J: ^ ;^d: P »^ X nr *><:fc 

:^mM<Dm 1 5 cD^jfi^dti. suaioii 1 (Dmim^c 

iJl^r. MOS F^^t^Xd^NMOSCD^-t-^oUifeO'CC 
P :»i P W 1 P W 2 J: ^ P 

^rixi^hmmix$>h. mi e^t^mMcomi bcom 
mm^mhnmmm^(Dm'^^mtwmmx^h. 

0 1 6 ^Cm-rm 1 5(D||jSlS0a(C:teC^T. 0 1 CC^kT 
[0 0 8 1 ] HI SCD^ISfeWcfcl^rti. ^UC^-TP 
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[0 0 8 2 ] C CDcfc ^ CC^^$ n/cm 1 5 CD^MWC*5 
P^ffi^PDli. N»:>:t:;l^NW 1 P^ 
xJl/PWl 0(h^C<J:«9 h^>5^;^:§?T r l:^mfS.^tl. 
N'i?*;UNWii. P'^:»:;i'PWl Oi. SKIWSN 
D2<bK:<:fc»9 h^>i^X^Tr 2:?&^«^3ti. » 1 OH 

[0 0 8 3] c<D^^tj:mi5<Dmmm(^c%^Bmmm lo 

cc^tei^r. P'i;x;i/PWlJtO'PW2€:ffJiS-r^Xli(D 

[0 08 4] '^XdC. :^m^(Dm 1 6(D||j®Ff)^oi^rm 
BJT-Sc mi 7 li:*:|feeacDll 1 6 <^)S|]teWtc^^»m{S 

s@ss<D«^^^-rBTM0. 018 (a) itt^omm]^ 

^m. (b) 5i-ecDU>rT'^ h^r^^. Ajrfc, ^1 7 

so'Ei 1 8 ^c^fk-rm 1 eco^FUcc^sii-c. a i Ri^m 

[ 0 0 8 5 ] H 1 6(D^FiJCC:fol^rK. ^ 1 IRZ^m 
18 (b ) (C^TJ:^(C. PMifc'^=^^Vi-;l/e2CDa 

N W HClPJgf J: ^ CC L r P ^ X ;b P W 3 

M^cccDP-i^^ijupwaccK^L^-^^^fe^MS 
TI l(D51':&^-C®a-r'SN»>*;UNW2;&50)5R$tir 
l^^o N»>:«:;l'NW2CDffia5^C^S. ST HCJ:-2>ST-^ 

v^>( h^msimm^tixi.^^^ c(D>";if>f khs 30 

[0 08 6] C(DJ:^JCUr«^$ti/c*||j!feWc*5li 
r&S. SI 8 (a) CC^-rJ:^^C. P^ffitftJlPD2. 
P'^:c;UPW2SafPMxf^ + ^>i»;l/M2 
;l/NW2 S W JtfSBN D 7 <!: 0 P NS^^>f :f 
-KD2;?»^^^$nao 

[0 08 7] C(Dfcii>. Altit}^^'^ K I/OiCg^fi6GN 

I yo(^Bm$titcm^ia:x. PNm^^-(^- kd 2 

mm^^ ^ r X $ nr ^ >>:f)mm g n d ccjS:?^^ ^ n 

[0 0 8 8 ] c (Dcfc ^ j^ccm 1 6 ommm^c^^mmum 

RSly. P'^xJl'PWl iraB*CCP'^:x;;l/PW3:S:B^ 
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[0 08 9] ^x^c. 1 7 (om^m^^i^^xm 

mmm<omm^fr^fmmm. S2 o^-ecD^aniKa. 

2 1 CC^THl 7CD||]5tWcfcC^T. 01 IRZ^mi 8 

^^i^Lx^o)mmrj:mm^tmmr^o 

[ 0 0 9 0 ] n 1 7 <DmMm(>ci6i^x{t. m i 9 ^0*0 

2UC7nTJ:^Cc. P »^x;UPW3 i :c;UNW2 i 
©rate. N'^x;l/NW4. P'^y^JbPWS, N't^^.r^N 
W3S^'P'^;c;l/PW4j^^'COrarfl5^$nt:i^^. N 
»^:,:;UNW2<!:N':;x;UNW3 tCOPSdC^tP ^ :c)lPW 
4^S^J:^K:UrST I tC<:fc-S^Tt0^SlJtejSSST I 
l:^mf&^tl. N'^:c;l/NW3 <bN^x;l/NW4 <h<5Dra 
tc«P'i;x;l/PW5^S^ J:^^curST l tcj:^^^ 

^mms^msT i 8 3?;5ffM$nTt^^o ^^N'^^ 

^;UNW3R(>'NW4(D&«M^i:^-r-^ST I CCjc-S 
^^-^il^ffi^MST I 9Ra'ST I 1 o^^fl^j^^tiro 
60 N»^x;l/NW3CD^ffiCC*>l^r«. ^T-^Biie^isi 
ST I 7Rt>'ST I gr^^^cN" u^MNDsmm^ 
ti. m^^mmmmsT i qrz>st i stbI^p" ffit^ 

xiit. m^^mmmmsT i 8rd''st i 1 or^ccN* 
usT\ im(,cp^ w:W(.mPD4mm^rix\.^^. n 
;i/Fi^';if^ KMs 1 oscxs 1 imm^tixi.^^^ 

[0 0 9 n^/c. m^[^ST-VDDt*n/>';UhV»;if ^ 
KJIS 1 X{trj:<aj^jl'h'^W'>( KilS 8^Clg^$n 

h^msi I t^mm^ti. rI/^';^^t^y1f ^ fus 1 0 

<i:n>'A';U h i^W^ FBS 9 iijj^^^l^^nr C=»€>o 

[0 092] ccDj^^^cmf&^tifcmiKomMmi^a^ 

l^Xlit. 02 O^C^-rJ:^CC. P^ tetJ(JlPD4<tN'^ 
xJbNW4&a'N^ l£tS(BND9 cbCC^O PNjg^^^ 
FD3:;&^«^^n. P* S£tStllP D 3 i N*^ x;bN 
W3R2>'N^ ffifdlNDS PN^g^^'<:t'- F 

D4;!)^«^$nrc^^o fi^oT, 5^>f:t- FD3S:e>'D 
4:?&5mi(Cil:?U^cg^i^$nrc^^o ^/c N*i/x;bNW 
4CCffitri:Rnw4;&5gF*L. N x;UNW3 tCffitSR n 
w3 5&5^^brc^-So 

[0 09 3] ^^:t- FD3S:O'D43&50. bYggr 
-5)<b<S;£U/cli^. mi7iMm3<DjlSfeWcfel^ 
rMSttf^B$tCM?l^iS^VDD^C«*&$n^ 1. 5VCD 

mmmiii)^i^f^^^<Dm^(^cj:'oxisrfo. mmcxm:^ 
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F I /o(c 1 . 5 ymm.(Dm^mKi)^xt}^tih 
m^A^ ^Hxh. V D D ^mtimmmti h 

[0 094] CCDcl: ^5 1 7 (D|||fe«?llCC<l^#m<S^ 

iiiK^«aS'r-Sircd?)Cc«. HI ecDHiSM^^T'S:^ lo 

SCC*5l>r. N'^:xi;UNWl i|HIB#CCN'^7:c;bNW3S 
0'NW4^JKfi)cl/. P*^:c;l/PWl^<f:PB$^CP'i7:c;b 

CCN" ffitJ(^ND8:?3:afND9^Jf^^t. P" fi£t$(/lP 
D l^il^BS^cP^ J£S(gPD3RCKPD4^ff$^L. 
:3y^V^^VU1f>f FBS l^i|^|B$«:3>'^V^^^'T;^>f 
FJ1S8 7!fMS 1 1 ^?fMU. F^";-tf Fjas 

9<hr^/^';^h>'y1f-r Fiis i ^t^^^^wmjy- 

n/>';l/h5/yif>r Fes 1 <?:3/^';^h^'y^f FJIS 1 

1 <h^Si^T^ie,«^?fM-rnt^<j:l^o 20 
[0 09 5] f^^. m 1 6 Ri[>m 1 7 (Dl|]Sfe«?(^C*>l^r 

t^;?^ 3? N M o s I' P •i; ^ ;b755jf$fiR$ tir i> 

[ 0 0 9 6 ] ^/c. mmo^mmm^^c^^BmrnumMm 
^T-ii. m^\:i^xmf)^^:f h'lyot^^mm mum 

-:^Ra^-hf>mm^tlfcN^^:^)lMOS F^>i^ 
;<3?NMlcb. SSx^^R 1 irta^lHlKicDrBlCC FU^ 

^ timm^c y-h f)mm ^ timwM^v d d 
^-com^is c n ccEB^ ^ n -5 ^> cor « j^c c 

[009 7] HCC. #'i?xJl/Si>'{£»Jl^CD2@mM755. 
-SSP^j&i Ati§:b^ C «h ^j: 6 o 

[0 09 8] ^/c. cneo^ifiWcfci^r^s. pm^ 
1 ±(c PMx e ^? ^ ;ni 2 ^ ^ nr c ^ 

^t!?^. PM:tt:*a? + >'i';UJ12t*i^^^-rL4>?f$^^txr(.^ 
^Smttj:<. P»^xJl.PWiao'PW2*WcN»^3: 
;UNW 1 ^;&^PM^^i*S® 1 CD^MCCiE^ff^^^nr 
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Fr^oT^j:c^ \.^~rti<om^^c^^^xh:^mM 

[0099] ;XCC. *:SI?8CDgS5RcDi5H5&^6^n-2>i:l:«J 

ST'^^r. (a) ti»rffi0. (b) ummm^mxh 

*i:b¥5C?!lK:*5iir». a 2 4 (c^rse^fcoprnff a 

liISStc>!^L.. MOS F^>v^x^(7)y-X®:2>'FU'<> 

lUKtCfcC^T^. S2 3 (a) CC^-Tcfc^^. h^>5;? 
;^^NMOS<DN^ ffi^JiND 1 0 2SC/N* fi£t5(eN 
D 1 0 3cDfig;^?^An#^^-:?T*>0. ftfctWlND 1 

0 3 <bp* sttfcjiPD 1 0 1 tcomi^cm'^^mmms 

T I ;05?FJ^^nri^^o ^/c. Affi;^^^''> F i/o«. 
N"^ ffitfeUND 1 0 IRO'P^ ffiStSPD 1 0 licvyx 
rj:<^ SttJcBND 1 0 2K:feS^5nri>-So 
[0 10 0] c<DJz^rj:mfSrciit. ^ 2 4 ^c^-rfi^Fd 

ilil^iC. P^ ffiiJcMPD 1 0 1 iN'^:c;bNWl 0 1 
iP'^xJl/PWl 0 1 iN* KtiUND 1 0 3<ttcJ:D 

- h'T^ommh s c r f)mm^tl^fcii^. E S DB14;{?5 

[0101] ^cDaftffK::FS^*5^aE0/c« A 

EPJD^n^xh. F^>>^X^$?NMOSCDFU-/> (N^ 
J£t&®ND 1 0 2) SO'^t- (P'^;x;UPWl 0 

l&l t T i gi)^N^ i&WmND I 02. P'^o.JUPWl 

0 i^m^bxmmGND^xmri^o co^m. 

:«:;upwi 0 1 CcaF^-r>S3F^ffi!rtRp w^cJc-pTP-i; 
x.MP'^l 0 lcr)mfi[:^5±^'r^o Lt&^O. 02 3 

(b) tciK'r<i:^tc, N'^^cjbNwi 0 1 tcaF^-r-sap 

:>iJi^]^W I 0 l<Dmmt{&T0rj:i,K C<Dfcisb. F^> 

s;^;?^ ^ N M o s (dM^Wj ^@«?>r^c ^cd l j^cC t:f n 

P^ i£l5(JlPD 1 0 1 <bN^:c;UNW 1 0 1 iP*^ 
:.:;l'PWl 0 1 <bN^ f£tfe®ND 1 0 3itcj:0«^$ 

tfc^ <b ^j: 6 m F > X ^ N M o s fflf « 3 n r L/ ^ 

[0102] 

V:^^^mf&'r^ F^>v^xd7(D*-<:-Xcb F ')iim'^t 
V :^^(D-<-:^m^m<'r^ctf)^X^. ESDBtt 
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^cSJEffiH?ri-SC<!::^»3-e*S<!:itK:. 0. lOymtt 

[01] 3|s:i%i«©» 1 <Dmmmic%i>nmmfmm>m w 
m 2 } :$imM(Dm i ®*M0dK:^s#misaiHisg©i« 

ig*SK-r0-c*ot:. (a) «^S!ffiilK0, (b)«u 
[n 3 ] (Si) nm. u) itmi ©njfiwic^^^ms 
[04] (a) Ro' (b) msitCmrjLmcO'Xrm 

[05] ( a ) W*I6?«<D0 2 ©HiitaifC^^ ^^mS 
|5IS§©«jt*5^-r»rS0-C&<3> (b) «-e©^fiBllK 20 

[06] ( a ) »*f6Hj©ig 3 (ommmic ^^mmum 
m^(Dmmi:mtmmm'c$> o . < b ) it^oMwm^ 

[H 7 ] ( a ) iit:$imM(om4 ommmic^^mmum 

[08] (a) «*^?g©lg5®^F!)iC^^^S«tt 
llS8©«ji«:n^-r»fffi0-C* 0 . ( b ) «-e©^«I18S 

30 

[09] ( a ) it^^^BMome (ommmicghi^mmmm 
m^oymm^Tjkrmmm'c^ <? > ( b ) it^aymwsmfs 

[010] ^§km<Dm 1 1 ©iii®0!i{c^s#m»giHiK 

©«tjt«r^-rWrM0T&S. 

[011] :$:^Bjo^ 1 1 <Dmmmicm^w>mmmMm 

©«j»*ij^r0-C&-j-C. ( a ) «€-©^«la|IS0. 

(b) {i-ewu-^T-f h0r*S. 

[012] 2|s:^|g©^ 1 2 ©ll*6«HJ«:«^*»ai«^|5|K 
©^^«:^t-Biffi0-C&S. 40 

[013] i^mmoym 1 2<Dmmmicmi,m^mmm^ 

©«jt*^F-r0-C* -3 -C, ( a ) «*©^ffiliIK0. 

(b ) ^^E-wu-fr-? h0-e*.s 
[014] :^mM<Dm 1 3©JI;^0iJK:C&€.SIS«SlilS§ 
©«jS*ji^-rg?ffillBS0-C*)S, 
[015] ^^Hj©|^ 1 4©S|]!®FII«:C&5||fiffig|llK 

[016] 2|!:#6?g©3pr 1 5©*J6««|«:«^e»«ffiBlllK 

[017] *i6?«©m 1 6 <Dmmmicmi>mmmmmm so 
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©1^i§?:^-r»fM0 -C * . 

[018] :$i§iB^(Dmi 6a:>mMmic%i,»^mmm 
<omi^^7ik-rm-c$> o -c. ( a ) itmmm^m, ( b ) 

[019] *:^HJ©I| 1 7 ©3l:tefJ(C»SilS^g|llK 
©tSi^<S:^-r »rffi0 -C * -5) , 

[020] :$:^|§©I9 1 7 ©||$g^K:^S^«^eillie 

©#^?:^-ri?fflHlS80-r * -5 . 
[02 1] *|6q«©|g 1 7 ©||S6Wc^S»m«a0S§ 

[0 2 2 ] lg 1 7 ©IWfi^Ii 2;>c^al^^^©^!^l*STIil 
S80r*s. 

[02 3] *^ig©th^tc«^i»m«SI5|8S©«®4 
^■r0-C*>-pr. (a)«BrS0. (b)«^HB80 

[02 4] fi£3R©#Sfi|g||iI8S©«jt*jK^0-r*-o 

r, (a) «»rM0. {h) ummmim-ch^. 

[025] ( a ) Si>' ( b ) {*f6©Se*©»S»SlilK 
©«jS*jn-r0-r-*>O, (a)ttWTffi0. (b) B3?flS 

llsS0r-ab-So 

[026] ( a ) ( b ) «MtCffe©fie*©»««S 
lHlSg©^S^S^T0-C*O. (a)«»Tffi0. (b){J 

1 ; PM¥^(*SS 

2 : PSxt^+j^ + jUS 

3 ; y- vmm.m 
4 ; y- hme 

5 : •y-'f K-i?*--*!/ 

9a, 9b, 9c; -O^^—^ 

10, 10 a, 1 0 d ; rtgPIliS 

11, 11a, lid, 12, 12 a, 1 2 d : Sail 
SS 

C 1 : + + a? 

D1~D5, D5a, D5d, D6, D6a, D6d, 
D7a, D7d, DBa, DBd. DlOa. DIO 
b : V^m^^^^- K 
Ml , M2, M3 : ^HieSi^ 
N : K 

ND1~ND10, ND 1 0 1~ND 1 0 4 : ffitJj 

m 

NMOS ; N5^-f ^^^I'MOS V=y>V>7.9 
NW1~NW5 ; N'^Ji^U 

PD 1-PD6 ; p* mm 

PW. PW1~PW5. PWl 0 : P-^x^l- 
Rnwl, Rnw2, Rnw3, Rnw4, Rnw5. 

R p w : m^mtK 

sTi.sTii~sTiio: m^^mmmm 
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r K T r 2 ; h ^>iPX^ 
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NDI'^NDS : N^ttlM NW1 : N->x;i/ 
NDS« ND6 : NfittfUl PW1 « PW2 : POxiU 

PD2 : P^ttlHM 
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[m4] 




NMOS 



/ 4 M1 



m5] 



SI i 52 PW1 i I N03 1*2 
ant k^mo <• 



ND1 PDI ND2 
(b) 



-;?rGND 




ND2 ND3 ND1 PD1 ND7 PD2 
(a) 



s 



] Tr1 

I / Rr*v 

r — i^n — 

GND 7h- 7h-0t4D 
ib) 



OVDD 
NMOS 




17] 



GND ^ — 4 



GND 




ND2 ND3 ND11 PD1 ND7 NW2 ND8 PD2 
NW1 
(a) 



ND2 ND3 ND1 PD1 ND7 NW2 ND8 PD2 
(a) 



I/O 



Jr1 <f^nw 

AAA^ — * oVDD 



I/O-Q 



T 



^Tr2 ^p>-NMOS 
.GND 



GND 




OVDD 
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[HI 0] 




\ 

ND4 NW3 PW \ ND3 \ PD3 

S ; >y NW1- NW3 : N'^x/i^ 

ND1-ND4 ; N*«acB PW; PCr:^^^ 
PDI-- PD4 : P*ttM ST 1 : 



\ ^©1 \ PD1 ND2 PW PD2 
PW NW1 
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STl 



mc ^ NW3 
ND5 N04^ PD4 ND3 



\ 

NW1 

PD3 NDl PD1 ND2 PD2 



N D 5 ; N-^IXA 



[015] 



VDDa 
I/Ob 



I ^Oa 



GNDa 



GND 



D5a_ 



n 1 



12a 




u 



11 d 



GNDd 



07d 



P8d 



[016] 



ST11- 




ND1 wn 



STI2 



ND5 \ ND3 SJU PD2 
ND2 ND6 

PW1 0 : P'^iA* 
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[017] 



I/O 




ND7:N*tt»fB PW3 : P'^iiW 
NW2 ; NOx/l^ 
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[019] 




NDB, NDO ; N^ttM NW3. NW4 : N^JiiU 
PD3, PD4 : P*ttlWI PW4, PW5 : P^iiU 
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~8ND 

(b) 



[^HIB] ^fiSl4¥3^8H (20 02. 3. 8) 
[^m§iE 1 ] 

imiEM^^^] mm 



[112 2 ] 



'/oD 




1 



2 3tfiEttiKJ 
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(51)Int.Cl/ mm^^ FI f-TJ-y (0^) 

H 0 1 L 27/06 3 1 1 H 0 1 L 27/06 1 0 1 D 



F:$?— A(##) 5F038 BHOl BH04 BH13 BH19 DF12 
EZ13 EZ14 EZ20 

5F048 M02 AC07 ACIO aA02 BB05 
BB08 BC06 BE03 BF06 BG14 
CAOl CA13 CCOl ceo 5 CC06 
CC08 CCIO CC13 CC15 CC16 
CC18 DA25 

5F082 AA08 AA31 BA05 BC03 BC09 
BCn BC13 BC15 DA09 GA02 
GA04 



